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ABSTRACT 

We investigated the effect of occupational exposure to carbon monoxide (CO) on 

aortallty from heart disease in a retrospective Itudy of 5529 .ew York City 

bridge and tunnel officers. Among former tunnel officers, 61 deaths from 

arteriosclerotic heart disease (ASHD) were observed, as compared to 45 

expected [standardized mortality ratio (SKR) • 1.35, 90 percent confidence 

interval (CI) = 1.09, 1.68]; expected rates were based on the Hew York City 

population. Using a Cox proportional hazards model, we compared the risk of 

mortality from ASHD among tunnel officers to the leas-exposed bridge 

officers. &0 association of ASKD with length of exposure was observed, but 

there was significant interaction of exposure with age. The elevated risk of 

ASHD among tunnel officers, as compared to bridge officers, declined after 

cessation of exposure with much of the risk dissipating within as little as 

five years. The parallel findings of this study of occupational exposure to 

CO and those studies showing the relationship of cigarette smoking to 

cardiovascular mortality Buggest that CO may play an important role in the 

pathophysiology of cardiovascular mortality associated with cigarette smoking. 
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IHTRODUCTIOH 

Carbon monoxide (CO) may contribute to cardiovascular disease through several 

accepted and potential mechanisms1 ,2 including binding to hemoglobin,3,. 

and reducing oxygen dissociation at the tissue level by shifting the 

oxygen-hemoglobin dissociation curve. Carbon monoxide in experimental animals 

also increases platelet stickiness5 Which may contribute to atherogenesis; 

and accelerates atherosclerosis either through altered lipid metabolism6 or 

increasing vessel permeability to cholesterol. 6- 8 Carbon monoxide in 

experimental studies contributes to sudden death by reducing the cardiac 

threshold for ventricular fibrillation. 9 Some of these mechanisms, such as 

those that would lead to transient hypoxia of the myocardium, would lead to 

increased risk of myocardial ischemia only When exposure is current, While 

other mechanisms e.g., acceleration of atherogenesis, may lead to long 

standing elevation of risk for cardiovascular disease. 

The current Occupational Safety and Health Administration (OSHA) standard for 

CO for the protection of workers allows exposure of 50 parts per million (ppm) 

10 time-weighted-average (TWA) over an 8-hour day. The margin of safety of 

this standard for workers with underlying cardiovascular disease is questioned 

by a series of studies of exposures averaging SO ppm Which have demonstrated a 

decrease in exercise necessary to induce angina in experimental subjects with 

~ 1· d· l~· 11-13 unyer Ylng car 10vascu ar wlsease. The lational Institute for 

Occupational Safety and Health (MIOSM) recommends a standard for CO exposure 
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of 35 ppm as an a-hour TWA"with a ceiling limit of 200 ppm. 1• To assess the . 
long-te~ effects of pe~ssible levels of exposure to carbon monoxide on 

cardiovascular mortallty in a working population, we studied a cohort of 

traffie eontrol offieers employed on bridges and in tunnell. In parallel to 

smoking eigarettes, Whieh is assoeiated with eardiovascular mortality1S-22 

and which causes a rise in carboxyhemoglobin in the same order of magnitude as 

2 23-25 permissible occupational CO exposure, ' we show that occupational 

exposure to CO also results in a significant excess of mortality from 

eardiovascular disease that remits on cessation of exposure. 

HETHODS 

Population Identification 

The study population consisted of all male bridge and tunnel officers (8TOs) 

employed between January 1, 1952 and February 10. 1981 at one of nine major 

vater crossings (two tunnels and seven bridges) operated by the Triborough 

Bridge and Tunnel Authority (TBTA) of lew York City. lew York. Officers were 

hired baled upon the suecessful completion of a pre-employment medieal 

examination and training period and then assigned to a partieular faeility 

dependent upon tbe needs of the TBTA. Data available from personnel reeords 

of the TBTA contained name, Soeial Seeurity lumber •• ex. date of birth. date 

of hire. date of separation. and speeifie work history information identifying 

the bridge(s) or tunnel(s) at whieh the offieers had worked. We obtained 

information on raee from the Soeial Security Administration. Bridge and 
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tunnel officers who left employment prior to 1952 were excluded from the 

cohort since their Social security lumbers generally were not available from 

employment records making vital status follow-up very difficult. The primary 

duties of the bridge and tunnel officers included toll collections from 

booths, traffic observation within and outside the tunnels, and direction of 

traffic within the tunnels and on the bridges when necessary (i.e. during rush 

hours or motor vehicle accidents). 

Carbon Monoxide Exposure 

Continuous monitoring of CO within the tunnels operated by the TBTA began in 

1940 at the Queens ~idtown Tunnel and in 1950 at the Brooklyn-Battery Tunnel. 

and was first summarized in 1958 showing peak measurements exceeding 400 parts 

per million (ppm). In 1961. at the request of the TBTA. an investisation of 

the ventilation systems demonstrated 24-hour average CO concentrations inside 

the tunnels of 53 ppm in the summer (with peaks of 200-300 ppm) and 49 ppm in 

. 26 
the winter (with peaks of 100-200 ppm). In 1968. 24-hour average CO 

concentrations measured inside the tunnels were 35-40 ppm27
i ranges of CO 

exposures taken during rush hour traffic were found to range from 120-165 ppm 

in the morning and 65-145 ppm in the evening in the tunnel toll booths. and 

15-45 ppm in the morning and 12-22 ppm in the evening in the bridge toll 

booths. 28 In 1970, monitoring over 38 continuous days revealed mean CO 

levels of 63 ppm in the tunnel toll booths and 13 ppm in the bridge toll 

~oths.29 During the same year, fresh-air ventilation syst ... vere 

installed in all toll booths. In 1971 an increase in electrical service to 
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the ventilation fans in the tunnels yielded an inc~ease of approximately 15 
. 

percent in tunnel ventilation capacity. Also, in 1971, officers we~e allowed 

one l/2-hour "air break" for each day's worle. which cons18ted of two, two-hour 

tourl inside the tunnel. In 1977, ventilation equipment for the tunnels was 

linked electrically to continuously reading CO monitors. In 1981, daily 

sampling conducted over two weeks by .IOSH industrial hygienists using 

direct-reading portable Ecolyzers for area expo lures and Draeger 

direct-reading long duration detector tubes for perlonal and a~ea exposu~es 

found mean area levels of CO of 38.3 ppm inside the "tunnels and 23.0 ppm 

outside the bridge toll booths, and personal samples of 10.8 ppm collected on 

tunnel officers and 6.2 ppm collected on bridge officers. 30 Peak CO levels 

measured in the traffic lanes of both the tunnel and the bridge and on the 

tunnel catwalk vere frequently greater than 100 ppm and occasionally greater 

than 400 ppm. Exposures to nitrogen dioxide, polycyclic aromatic 

hydrocarbons, particulates, various metals (including lead), and asbestos were 

also measured and found to be vell below the respective permissible or 

~ecommended exposure levels. 

Smoking histories vere collected during medical evaluations of active officers 

from 1972 to 198131 and by .IOSH investigators in 1981. 30 Pipe and cigar 

smokers we~e classified a. nonsmokers .ince they experience only a amall 

increase in mortality from coronary heart di.ease above that of 

nonsmokers. 2l Carboxyhemoglobin levels measured in 1910 (before ventilation 

SYltems vere installed in the toll booths) averaged 2.12 and 3.90 percent in 

nonsmokers and smokers, respectively, for bridle officers, and 2.93 and 5.01 

pe~cent in nonsmokers and smokers, respectively, for tunnel office~s.jl 
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COHb levels measured bf SlOSH in 1981 were not found to be sisnificantly 

different between bridge and tunnel officers, with pre- and post-shift COMb 

levels rising about 20 percent in nonsmokers and 10 percent 1n emokers. 30 

Ascertainment of Vital Status 

Vital status of each officer was ascertained as of December 31, 1982 through 

the sources of the Social Security Administration, Inte~al Revenue Service 

and Sational Death Index, among others. For deceased officers, death 

certificates were obtained from the appropriate state vital statistics 

offices. The underlying and contributory causes of death were coded by a 

qualified nosologist according to the rules of the revision of the 

International Classification of Diseases (ICD) in effect at the time of 

death. 

Statistical AnalYses 

The bridge and tunnel officer cohort wa. analyzed using a modified life table 

analysis system,32 which computed expected number of deaths using indirect 

adjustment by multiplyins the person-years at risk (PYAB) of dying among the 

officers by the correspondin& ale, sex, calendar-time, and cause-specific 

.ortality rates of the aew York City population. Accumulation of PYAR and 

observed deaths be,an with the first day of employment at the TBTA on or after 

3anuary 1, 1952 and continued until either December 31, 1982 or the date of 

death of the officer, whichever occurred earlier. The relative risk estimates 
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for cause-specific mo~tality among the cohort were calculated as standardized 

mortality ratios (SKIs) which were derived by dividing the observed deaths by 

~he number expected. One-sided significance tests and 90 percent confidence 

intervals were computed for the SKIs assuming a Poislon distribution for the 

33 observed deaths. SKIs were considered to be statistically significant if 

the P values were less than 0.05 or, equivalently, if the lower confidence 

limit was greater than 1.00. 34 

We examined the mortality experience of those officers employed only in 

tunnels and those officers employed only on bridges, separately. This was 

done since previous environmental sampling had indicated that CO levels had 

been substantially hi,her within and around the tunnels than on bridges (see 

Methods-carbon monoxide exposure). Because environmental sampling results for 

CO were only available for a few years of the study, duration of employment 

was used as a surrogate for cumulative exposures. two categories of less 

than, or equal to and greater than 10 years employment were used in an attempt 

to ascertain the adverse effects from cumulative long-term CO exposures. For 

cancers only, an additional analysis by latency (time period from initial 

employment to death) was performed. 

In order to make direct comparisons of the mortality experience of bridge 

officers as compared with tunnel officers while controlling potential 

confounders and effect modifiers, the Cox proportional hazards model with 

time-dependent covariables was also employed to analyze the aortality 

experience of the cohort. This analysis uses internal comparilons and, 
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lherefore. did not require the use of mortality rates from Hew York City. A 

recent modification to the BKDP2L survival analysis procedure permitted 

3S leneral forms of the Cox model to be used. This method produces relative 

ri.k estimates based upon incidence rates a, a function of covariables such as 

age. exposure status. calendar time. and duration of employment Which may 

change over the period of study. 

RESULTS 

Population Identification 

There were 4.317 bridle officers and 1.212 tunnei officers employed between 

January 1. 1952 and February 10. 1981 at the Triborough Bridge and Tunnei 

Authority (TBTA) as .hown in Table 1. The cohort contributed a total of 

103,900 person-years at risk. As of December 31, 1982. 8~ of the cohort were 

alive, 9~ were deceased, and 3~ were lost to follow-up. Death certificates 

were obtained for 97~ (.60 out of .7.) of all known deaths. Almost twice the 

percentage of tunnel officers died (13~) as compared with bridge officers 

(7~). On average, a. shown in Table 2. the bridge officers and tunnel 

officers were very similar in racial composition and calendar year when bo~. 

In addition, the bridle officers and tunnel officers started employment at the 

TaTA. and died at approximately the same age and calendar-time period. 

However, on average, the tunnel officers had worked two year. lonser at the 

TlTA than did the bridge officers. 
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Standardized Mortality Ratio AnalYses 

.. Table 3 shows, in the 31-year period between January 1, 1952 and December 

31. 1982, the overall mortality among bridge officers was less than expected 

-- 314 deaths observed, as compared with 409 expected, standardized mortality 

ratio (SKR) • 0.76 -- when compared to the mortality experience of the Hew 

York City population. The overall mortality among tunnel officers was 

approximately equal to that expected -- 160 deathl observed as compared to 153 

expected, SKR = 1.04. Heart disease mortality among tunnel officers was the 

only cause of death that was statistically significantly elevated among the 

entire bridge and tunnel officer cohort. 

Table 3 shows there were 67 deaths among tunnel officers from heart disease 

(International Classification of Diseases (ICD) 400 to 468 in the sixth and 

seventh revisions and ICD 390 to 458 in the eighth and ninth revisions 

excluding 430-438] as compared to 54 expected, an excess of 24 percent. This 

excess was even more pronounced among tunnel officers for deaths due to 

arteriosclerotic heart disease (ASHD) (ICD 420 in the sixth and leventh 

revisions and ICD 410 to 414 in the eighth and ninth revisions), 61 deaths 

observed compared to 45 expected, a 35 percent increase. The mortality from 

ASHD increased to 88 percent over expected among tunnel officers employed for 

.ore than 10 years at the TBTA. 30 deaths observed as compared to 16 

expected. 
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Table 4 shows the risk of ASHD mortality by age at death among tunnel officers 

and bridge officers. Prior to age 40 among tunnel officers, there vere no 

deaths attributable to ASHD. After age 60, the relative risk of ASHD was 

found to be 1.0. Hovever, during the vorking years. among tunnel officers. 
c 

the relative risk of ASHD increased from 32 percent over expected for the age 

group 40-49, to 74 percent over expected for the age group 50-59. So 

elevation in risk of mortality by age vas observed among bridge officers with 

the exception of those Who had died prior to age 40. All tunnel officers who 

died from ASHD had started employment at the TBTA prior to 1960 (mean year = 

1951) and all were employed during the decades of the 50's and 60's when 

exposures to CO were considerably higher than in the 70'. (See KETHODS -

carbon monoxide exposure). 

To help evaluate Whether the excess risk from heart disease could have been ,-

related to smoking. we examined the other main smoking-related cause of death, 

lung cancer. Kortality from cancer of the lung vas lower than expected among 

both bridge officers (18 deaths observed compared to 21 expectediSKR = 0.85) 

and tunnel officers (9 deaths observed compared to 9 expected, SKR = 0.97) as 

shown in Table 3. The power of this study to detect a tva-fold increase in 

lung cancer for the cohort was at least 99~ and among tunnel officers vas 8~ 

assuming an alpha level of 0.05 and a one sided test. 80 substantial 

elevation in mortality from lung cancer vas evident for either subgroup with 

increasing duration of employment or with increasing time period lince first 

emplo,ment. Also shown in Table 3 is a deficit of deaths from "all other 

causes" among both bridge officers and tunnel officers. 
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Cox Proportional Hazards Model 

Due to the significant excess risk from ASHD among tunnel officers observed in 

the SHR analysis, the Cox proportional hazards model was uaed to examine this 

finding in greater detail. Potential confounding and effect modification were 

examined by including duration of employment, age, and calendar time and their 

interactions in the models. 

Similar to the effect suggested by the SMR analysis, a direct comparison of 

job location (bridge versus tunnel) showed significant elevation in risk from 

ASHD for tunnel officers When compared to bridge officers, adjusted for 

duration of employment. age and calendar time eBB • 1.54, P • 0.01). In order 

to investigate the potential effect of chronic exposure to carbon monoxide, 

trends in ASHD mortality with number of years employed were modeled. In 

contrast to the results of the SKR analysis, no significant trend was found 

with duration of employment in any of the models used. However, When the 

interaction of job location with age was examined, the result vas found to be 

statistically significant (P • 0.015). Specifically, the risk of ASHD in 

tunnel officers increased approximately 5.5~ per year of age relative to 

bridge officers •• tarting at age 45 When the risk for the two groups was 

.asentially the aame. 

36 15-22 37 Cognizant of the important finding of Rosenberg et al. and others ' 

that the substantial excess riak from heart diaease decreaa.a rather quickly 

after cessation of cigarette smoking, we chose to test a stallar hypothesis in 

thi: study. Tunnel officers were directly compared to bridge officers with 



- 11 -

regard to their ASHD mortality experience after cessation of expo lure , defined 

as that period of time following date last employed. The time following 

cessation of employment vas atratified into four intervala: 0 to 1 month, 2 

to 23 months, 2 to • years, and 5 or more years. The category 0 to 1 month 

vas chosen in order to distinguish the officers Who either died on the job or 

shortly thereafter, from individuals who died after cessation of employment 

and hence after exposure to the vorkplace environment. A direct comparison of 

tunnel to bridge officers in each time interval at each of three ages is 

presented in Table 5. This table demonstrates that the risk of ASHD among 

tunnel officers relative to bridge officers increases vith age. However, 

after separation from employment for as little as five years, the elevated 

risk of ASHD mortality among tunnel officers declines and begins to approach 

that of bridge officers for each of the ages. These comparisons vere intended 

to remove any unknown risk factors associated vith time since separation from 

employment including the possibility that cardiovascular morbidity may be a 

precipitant of termination. All results vere adjusted for calendar time and 

duration of employment. 

In order to investigate the effect of lovering of exposure which began after 

1970 vith the addition of fresh air ventilation in ell tunnel booths along 

vith an increase in tunnel ventilation, trends in ASHD mortality efter that 

time vere modeled. A aignificant decrease in relative risk of ASHD mortality 

vas found (P = 0.0.2). Specifically, the risk of ASHD in tunnel officers was 

.adeled as an exponential decline of 6 .• ~ per y.ar after 1970 when compared td 

the lesser-exposed bridge oCfice~s. Figure 1 illustrates thil decline in 

rela~ive risk after 1970 for tunnel officers at .5. 55 and 65 years of age. 
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DISCUSSIOY 

The present results sussest that exposure to carbon monoxide (CO) may be an 

important factor in arteriosclerotic heart disease (ASKD) mortality. In our 

study, tunnel officers employed by the Triborough Bridge and Tunnel Authority 

(TBTA) experienced a 35~ excess risk of ASHD mortality as compared to the Hew 

York City population. The data susgest that two factors interacted to produce 

the elevated risk of heart disease: the higher levels of exposure to CO 

experienced by the tunnel officers, as well as the movement into a critical 

higher age sroup. Both apparently act together to produce a sisnificantly 

elevated risk of ASKD mortality. 

In attempting to understand the etiolosy of ASHD in this cohort, another 

findins is of particular interest. The excess risk of ASHD mortality in 

tunnel officers when campared to the lesser exposed bridge officers dropped in 

all ase sroups after cessation of exposure when individuals left employment in 

the tUlmels. In addition. a similar reduction in risk was found after 1970 

when substantially more ventilation was introduced. thereby reducins exposures 

to CO. This effect 8Ullests that relardless of ale. the adverse health 

effects experienced by the tunnel officers at the talA are. in larse part, 

reversible. Similar r •• ults to these have been Observed amonS cigarette 

-.okers in whom the excess rilk from heart disea.e morbidity and mortality 

begin to decrease after cessation of smoking with much of the risk dissipating 

ithi 2 10 15-22.36,37 w n - years. 
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Carbon monoxide may contribute to heart disease mortality through either the 

effects of current expo.ure, or as the result of the accumulation of exposure 

over a sustained period. Length of exposure was not a risk factor for heart 

disea.e mortality in this study luggesting that the acute effect. of exposure 

to carbon monoxide are more important than the chronic. These results are 

consistent with studies of the effect of cigarette smoking on heart disease 

mortality Which also demonstrate that it is the number of cigarettes smoked. 

not the length of years of cigarette .moking that is associated with the 

excess risk of heart disease mortality.C38,39). 

Prior to 1970, it had been documented that CO levels in the tunnels averaged 

over 50 parts per million (ppm), the current Occupational Safety and Health 

Administration (OSHA) standard, with excursions frequently exceeding .00 ppm. 

These excursions were due to the congestion of cars within the tunnels caused 

by motor vehicle accidents and rush-hour traffic and by the limitations of the 

ventilation systemS. This level of exposure to CO for tunnel officers would 

result in a range of carboxyhemoglobin (COHb) that is close to the COHb level 

observed in Cigarette amokers2 ,2J-2S Who are al.o exposed to an average CO 

level estimated at 50 ppm40 with excursions up to .75 ppm·l and Who are 

al.o known to experience a sreater risk of heart di.ease.(lS-22) 
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Kortality from ASHD has a complex multifactorial etiology. The presence of 

other risk factors 1n addition to occupational CO exposures, including 

ciga~ette smoking. hypertension, hyperlipidemia, family history of heart 

4ileale, marked obesity, socio-economic status, and sedentary living increases 

42-44 the risk of developing ASHD. Since this study was conducted using 

employment records. information concerning many of these risk factors for the 

bridge and tunnel officers was limited. However. inferences about some of 

these risk factors can be made from the results of this study and other 

information. 

Cigarette smoking, uncontrolled in the analysis, could explain aome of the 

excess risk for ASHD if the officers' smoking habits vere substantially 

different from that of the comparison population. 45 Although the tobacco 

smoking habits of the officers had not been recorded at the time of 

employment. information on amaking status of many active members of this 

cohort had been collected in two separate studies. 30 ,31 Among bridge 

officers. the percentages of current amokers, exsmokers, and nonsmokers were 

43.1, 28.6 and 28.3, respectively. Among tunnel officers. the percentages 

vere a~ost identical, 43.7, 28.6 and 27.7, respectively. These percentages 

resemble the proportion of smoking habits among White males in the general 

population during the 1970,.46 of .1 .• ~, 29.~, and 28.~. 
47 reapectively. Apparently, if this cross-aectional view of the amoking 

habits obtained is reasonably representative of the cohort as a Whole. then 

the amoking habits among the bridge officers and tunnel officers vere not 

substantially different from .ach other or from the general population. Thus, 
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smoking probably eannot explain the substantially inereased risk of ASHD 

mortality seen among tunnel offieers of the TBTA. Furthermore. if amoking 

among this eohort had been higher than that of the general population, a 

sisnifieant exeess of lung eaneer mortality among bridge officerl and tunnel 

workers would allo bave been expected sinee smoking is nearly leven times more 

. 16 21 strongly assoelated with lung eaneer than with ASKD.' Bo increase in 

lung cancer mortality, however, was observed among either sub-eohort. Also, 

no increase in deaths from emphysema was found. 

There were no deaths attributable to hypertensive heart disease among tunnel 

officers (compared to 1.6 deaths expeeted), and the mortality risk from stroke 

was lower than expected based on the .ew York City population (SKR = 0.92). 

Since hypertension and eigarette smoking are the major risk factors for 

48 Itroke, the absence of elevated mortality from this disease suggests that 

neither hypertension nor eilarette smoking lubstantially eontributed to the 

excess mortality due to ASHD. 

Selection bias is allo unlikely to explain these results. Self selection into 

jobs by individuals with ine~a.ed risk from ASHD was oblerved in studies of 

49 London bus driverl and colleetors. However. the TBTA employment practices 

ware lueh that a recruit would not know his job location until after finishing 

the pre-employment physical examination and training. There was no difference 

in the qualifications for bridge offieers and tunnel officers. rhus, the 

requirements of the TBTA rather than the offieers' prefereneel determined 

their worksite leleetion. The TBTA requirements would be determlned by the 
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turnover of employees,Which vas similar in both bridge and tunnel officers, 

However, to limit the possibility of selective migration between bridges and 

tunnels for officers with an increased risk of ASHD. we eliminated from the 

atudy those officers Whose personnel records indicated transfer between job 

locations. In addition, the duties of the bridge officers, mainly toll 

collection, are more sedentary than the duties of the tunnel officers who must 

also man the observation booths within the tunnels. Thus, if preference of 

the officer was a major factor in initial or future worksite selection those 

less fit, due to obesity or other factors, would be most likely attracted to 

the bridges rather than tunnels. 

Finally, bridge officers and tunnel officers are drawn from the same applicant 

pool, and hence the same socio-economic class Which makes it less likely that 

there would be such great differences between the two groups with regard to 

factors such as race, dietary habits, alcohol consumption, and physical 

activity during leisure time. 

In the absence of data to implicate other causes for the increased mortality 

risk from ASHD among tunnel officers, the available evidence suggests that the 

factor was directly associated with employment. The most likely factor would 

be exposure to carbon monoxide. However, the possibility should be considered 

that one of the other constituents of vehicular exhaust (e.g., nitric oxides, 

hydrocarbons, particulates, lead, lulfur, aldehydes) or some other 

characteristic of the worker environment (e.g., noise or stress) could 

" 
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have played a role in aggravating cardiovascular disease, although the 

implication of these other factors and their effect upon the heart is highly 

. SO-52 
.peculat~ve. 

~is Itudy had some potential strengths and limitations that .hould be 

considered. First, the choice of the comparison population used may have 

underestimated the true risk of mortality in this study. The Hew York City 

population. While more appropriate than the U.S. as a basis for calculating 

expected deaths, like most leneralized populations, includes numbers of 

chronically ill or otherwise unemployable persons. Since most populations of 

workers are healthier than that of the general population, comparison of the 

.ortality experience of bridge officers and tunnel officers to that ofa 

leneral population may produce an apparent deficit in mortality, as seen among 

bridge officers, the .o-called "healthy worker effect".S3 However, the use 

of the bridge officers in the proportional hazards model vas considered to be 

an ideal internal comparison group. Bridge officers are drawn from the same 

applicant pool as tunnel officers, undergo the aame pre-employment selection 

process. have comparable duties, and belong to the aame aocio-economic class. 

Second, in lieu of detailed monitoring data of past environmental CO exposures 

for maoy years of the study, ve had to define exposure by classifying officers 

according to the duration of their employment and their aasignment to either 

bridge or tunnel work Which are crude lurrogate measures of the actual 

exposure. Actual mea.urements throughout the years of the Itudy would have 

been preferable to define more precilely the excess risk from ASKD mortality. 

Third, aacertainment of vital status among our cohort was 97 percent complete 
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and, while this percentage of follow-up is well within the range generally 

considered acceptable for cohort mortality studies, the 3 percent deficit had 

the effect of inflating person-years at ~i.k and thus lowe~in& the SKIs. 

Furthermore, death certificates were located and cause of death ~.corded for 

.'0 (97 percent) of the 474 known deaths. This had the effect of lowering the 

cause-specific SHRs by an additional three percent, on the average. These 

last two factors could have contributed to an underestimation of the magnitude 

of the ASHD mortality risk from employment at the TBTA. Finally, since this 

is a study of mortality as ascertained from death certificates we are unable 

to assess the accu~acy of the stated diagnoses or define the date of 

myocardial infarction in contrast to the date of death. 

In summary, this study indicates that occupational exposures to carbon 

monoxide contributes to ASHD mortality. The excess risk in cardiovascular 

disease mortality that we observed may have been caused by long-term 

continuous lower exposure to carbon monoxide, short-term repeated peak 

exposures or a combination of both. However, the absence of any significant 

~elationship between duration of employment and ASHD mortality tends to 

discredit the contribution of long-term exposures. The .ignificant effect of 

age on ASHD mortality implies that age is an essential contributing factor in 

the excess risk of ASHD. The adverse effectl of carbon monoxide poiloning on 

the risk of ASHD mortality .eem to be reverlible upon cessation of exposure. 

We believe our results have three important implications. rir.t, liven the 

magnitude of the effect that we have observed for a very prevalent cause of 
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death, exposure to CO, in combination with underlying heart disease or other 

cardiovascular risk factors could be responsible for a very la~e'number of 

preventable deaths. Second, in parallel to the effect of ce8sation of 

cigarette smoking on the risk of cardiovascular disease. ces.ation of 

occupational exposure to carbon monoxide results in a decline in risk for 

heart disease mortality. Third. the parallel findings of this study of 

occupational exposure to CO and those studies of the relationship of cigarette 

smoking to cardiovascular mortality suggest that CO may play an important role 

in the pathophysiology of cardiovascular mortality associated with cigarette 

smoking. 
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Table 1. Vital status among male Bridge Officers and male Tunnel Officers at the 

Triboroush Bridge and Tunnel Authority, Rew York City, Rew York as of 12/31/82 

VITAL STATUS Bridge officers Tunnel officers Total 

80 of officers (~) 

Alive 3872 (90) 1014 (84) 4BB6 (BB) 

Deceased 314 (7) 160 (13) 474 (9) 

Death certificates obtained 303 157 460 

Death certificates outstanding 11 3 14 

Lost to follow-up 131 (3) 38 (3) 169 (3) 

Total 4,317 (l00) 1,212 (100) 5,529 (l00) 

Person-years at risk 79,865 103,900 



'fable 2. 

Demographic characteristics among male Brid&e Officers and male Tunnel Officers 

'friborough Bridge and .Tunnel Authority, 1/1/52 - 2/10/B1, 8ew York City, Hew York 

J)emographic 

Characteristics* 

llumber 

'I. White 

Year of Birth 

Year First Employed 

Year Last Employed 

Age First Employed 

Duration of Employment 

Humber Deceased ('I.) 

Ale Deceased 

Year Deceased 

*Mean Values 

Bridge officers fUnnel officers 

.,317 1,212 

83.1 80.1 

1936 

1963 

1966 

26 frs. 

35 mo. 

31. 07.) 

.9 

1974 

1932 

1961 

1966 

29 yrs. 

61 mo. 

160 (13'1.) 

51 

1974 
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!able 4. Mortality (1952-1982) from Arteriosclerotic heart disease (ASHD) 

according to age among male Bridse Officers and male Tunnel Officers, 

Triboroush Bridge and Tunnel Authority, lew York City, lew Yorka 

Bridge Officers Tunnel Officers 

qe OBS UP SMR 907. CI OBS BJP SO 907. eI 

<.0 12 6 ·1.79+ 1.15,3.24 0 2 

.0-49 28 29 0.97 0.69,1.32 15 11 1.32 0.84,2.10 

50-59 36 38 0.96 0.70,1.25 34 20 1.74+ 1. 25.2.26 

60+ 13 31 0.42 0.25,0.67 12 12 1.00 0.58.1.62 

All Ases 89 104 0.85 0.71,1.02 61 45 1.35+ 1. 09 .1. 68 

a OBS = Observed number of deaths~ EJP • expected number of deaths~ 

SKR = .tandardized mortality ratio (OBS/BJP); CI • confidence interval. 

Expected number of deaths are baaed on the death rates for &ew York City 

rounded to the nearest whole number. 

+ Significantly different from 1.00 (P < 0.05) 

9.- 1-/ 



45 

55 

65 

Table 5. Id.sk Estimatesa of ASHD Ilor't.,dlty by Time Since Last Employment 

and Age among male Tunnel Officer'S relative t.o male Br'idge Officers 

Triborough Bridge and Tunnel Authority, Sew York City, Sew York 

Time Since Last Employment 

0-1 mo. 1-23 mo. 2-4 yr. ~ 5 yr. 

RRa RR RR RR 

(90" CI) (9~ CI) (90" CI) (9~ CI) 

0.98 1.39 2.11 0.94 

(0.51-1.89) (0.53-3.63) (0.68-6.58) (0.59-1.50) 

1.59 2.25 3.41+ 1.51 

(0.85-2.95) (0.88-5.76) <1.11-10.43) (0.99-2.30) 

2.57+ 3.63+ 5.53++ 2.45+ 

<1.18-5.58) (1.27-10.34) <1.65-18.56) (1.31-4.58) 

a RR. Relative Risk Estimates using Cox proportional hazards model 

+ Significantly different from 1.00 (p < 0.05) 

++ Significantly dlffer'ent fr'om 1.00 (p < 0.01) 
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